Interaction of the antimicrobial peptide pheromone Plantaricin A with model membranes: implications for a novel mechanism of action.
Plantaricin A (plA) is a 26-residue bacteria-produced peptide pheromone with membrane-permeabilizing antimicrobial activity. In this study the interaction of plA with membranes is shown to be highly dependent on the membrane lipid composition. PlA bound readily to zwitterionic 1-stearoyl-2-oleoyl-sn-glycero-3-phosphocholine (SOPC) monolayers and liposomes, yet without significantly penetrating into these membranes. The presence of cholesterol attenuated the intercalation of plA into SOPC monolayers. The association of plA to phosphatidylcholine was, however, sufficient to induce membrane permeabilization, with nanomolar concentrations of the peptide triggering dye leakage from SOPC liposomes. The addition of the negatively charged phospholipid, 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-rac-glycerol POPG (SOPC/POPG; molar ratio 8:2) enhanced the membrane penetration of the peptide, as revealed by (i) peptide-induced increment in the surface pressure of lipid monolayers, (ii) increase in diphenylhexatriene (DPH) emission anisotropy measured for bilayers, and (iii) fluorescence characteristics of the two Trps of plA in the presence of liposomes, measured as such as well as in the presence of different quenchers. Despite deeper intercalation of plA into the SOPC/POPG lipid bilayer, much less peptide-induced dye leakage was observed for these liposomes than for the SOPC liposomes. Further changes in the mode of interaction of plA with lipids were evident when also the zwitterionic phospholipid, 1-palmitoyl-2-oleoyl-sn-glycerol-3-phosphoethanolaminne (POPE) was present (SOPC/POPG/POPE, molar ratio 3:2:5), thus suggesting increase in membrane spontaneous negative curvature to affect the mode of association of this peptide with lipid bilayer. PlA induced more efficient aggregation of the SOPC/POPG and SOPC/POPG/POPE liposomes than of the SOPC liposomes, which could explain the attenuated peptide-induced dye leakage from the former liposomes. At micromolar concentrations, plA killed human leukemic T-cells by both necrosis and apoptosis. Interestingly, plA formed supramolecular protein-lipid amyloid-like fibers upon binding to negatively charged phospholipid-containing membranes, suggesting a possible mechanistic connection between fibril formation and the cytotoxicity of plA.